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HEE] BH RERLREMMEET 2 (UCP2) fEZHLTE T M S ME M R ARG v i B4k, BF5¢ UCP2
XA RGEFEB O, ik 12 B Wistar MR BBEHL 0 220 . XFIREAF B 2640 . i 0.2 mm
IEWGEEFL L B LA R B USRS — B I i P 0, S OF R R AR . 8 SRS WL 2 2 BRI P O, R DN 2R i R
TR AR (BD) . FJRHSRE (PD). FHRMEIE (TM) . BEEKR FMUE I3 Micro CT, W4T
A RGO, ISR Y % (TMD) . B0 Y% (BMD) . BB % (BV/TV) . H/NRRE
(Tb.Th) , H/NRE I EE (To.Sp) FSH, Wik LaE— BT RA 7 B 21 M TRIGEE RS (CEJ-ABC). ¥R
AR BB SULARI A AL R AR AR — I (MDA) . &MEH AR (GSH) . B4 LY fbEE (SOD), JFiffT et
HIRGEHERN (qQRT-PCR) MELUCP2, BFRFLR2MCHEF2 (Nrf2) ik, b S b BaiA s 58 Yo 52 14
YIS N F-1a (PGC-la) FERZFRIRIGEH . (KR RA LT R H B2 e 0, WA RA 41 UCP2 &
EAEOL . AR B A B ST IR AR RS - 4T (HE) . s RS % (PAS) . MitoSOX Red, JC-1., fuE4l4l
fh2Eietn, MK REHLUREERI . WA (ROS) K-, LRARBH ALK X UCP2, Nrf2, PGC-laZEH
FeRAE Lo OB A BRI T A I B I Tl BB FE AR LR A (BUN) . HLEF (Cre) . A (Alb) HIFEE. HR M
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[Abstract]

Objective This study aims to explore changes in uncoupling protein 2 (UCP2) in experimental periodonti-

tis-associated renal injury induced by ligation and investigate the effect of UCP2 on renal injury induced by periodontitis.

Methods Twelve Wistar male rats were randomly divided into two groups: control and periodontitis groups. A periodon-

tal model was built by ligating the maxillary first molars area with 0.2 mm orthodontic ligature wire. After 8 weeks, the in-

traoral condition of the rats was observed and periodontal clinical indices such as gingival bleeding index (BI), periodontal

probing depth (PD), and tooth mobility (TM) were detected. The maxillary bone was scanned by Micro CT to observe the

alveolar bone resorption. The tissue mineral density (TMD), bone mineral density (BMD), bone volume fraction (BV/TV),

trabecular thickness (Tb.Th), trabecular bone separation (Tb.Sp) were recorded, and the distance from the enamel bone

boundary to the alveolar crest (CEJ-ABC) of the maxillary first molar was measured. The oxidative stress indexes such as

malondialdehyde, glutathione (GSH), and superoxide dismutase (SOD) were detected using frozen rat kidney tissue. The

gene expression of UCP2, nuclear factor erythroid 2-related factor 2 (Nrf2), and peroxisome proliferator-activated receptor

gamma coactivator-la (PGC-1a) was observed by quantitative real-time polymerase chain reaction (QRT-PCR) test. The

gingival tissue of the rats was used for immunohistochemical staining to observe the expression of the UCP2 protein. The

fixed rat kidney tissue was used for hematoxylin-eosin (HE), periodic acid-schiff (PAS), MitoSOX Red, JC-1, and immu-

nohistochemical staining to observe the renal histopathology, the level of reactive oxygen species (ROS), the level of mito-

chondrial membrane potential, and the expression of UCP2, Nrf2, and PGC-1a protein. Rat serum was collected to detect

renal function indices, namely, blood urea nitrogen (BUN), creatinine (Cre), and albumin (Alb). Results Compared with

the control group, the periodontitis group showed red, swollen, and soft gingival tissue, with gingival probing bleeding,

periodontal PD increased, tooth loosening, alveolar bone resorption, decreased TMD, BMD, BV/TV, and Tb.Th indices,

and increased Tb.Sp index, CEJ-ABC, and gingival UCP2 protein expression. Compared with the control group, the levels

of MDA and ROS in the kidney tissue of periodontitis rats and the gene and protein expression of UCP2 increased, and the

levels of MMP, GSH, and SOD and the gene and protein expression of Nrf2 and PGC-1a decreased. Renal functional indi-

ces, namely, BUN, Cre, and Alb, were not significantly different between the two groups. Conclusion UCP2 may play a

role in renal injury induced by periodontitis through oxidative stress.
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S kNZ (LA T AEY TRBEGARAR),
Wi SRR & . SEm e RS AR Y (quantita-
tive real-time polymerase chain reaction, qRT-PCR)
WAlE (RESXAEYRH M ARAR), R
HA AR & (a2 EmAEYEARA RS
A, IMJKRZEZA (blood urea nitrogen, BUN) . Hll
BF (creatinine, Cre) . & 4 (albumin, Alb) .
N — [ (malondialdehyde, MDA) . %+ Bt H Ak
(glutathione, GSH) A7 & (/o 2 A T
W), ALY LR (superoxide dismutase,
SOD) , oM i (A R & (JC-1, L3
D REMFEARARAF), LR AP kit
7 & (MitoSOX Red) (Thermo Fisher Science 7y
A, 2E[E), UCP2¥iiK (Affinity Bioscience /3 ),
FKHE), BHFOR2MEHF 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) Piff (RN FELE
IRAEIRH A BRA T, o S Al A G 5
ZAR Y EH OIS F-1a (peroxisome proliferator-acti-
vated receptor gamma coactivator-la,, PGC-la) Pt
T (R IR E Y R RHEA TR A F]) .

{4 : Micro CT (SCANCO Medical AG/AH],
Bit), BEARIYL (Bio Tek /A wl, JEME), kil
B (OlympusA ], HA),

1.2 St

S £ 285 B T MROR A s A0 BRAR R 22 D 2
L HE, 18 HES o SY202306049, 12 H Wistar
PERR, 78K, KEH 180~200 g. T K RUTE
HEAT G N PR MR 1R S WAL R 2 20 X BRZH R
FRRA, a6 H . HE 0.2 mm Ay iE L5+
22 ZEFLAE R BB — 2 09 2F 3503 LA ST K B
S O R R AERIN R R R A A L 22 R A B
%, frge 8. 8JHJE, A KB4 T 2% 1k
LU 22 B I I T SRR, OB R BR B . B R4
ZUMIM S T 2L 5250 .

1.3 Kadrui H 7k
1.3.1 2 Ja il R AGH

8 JEl G, R T K B R A A AT IR A 2F
JELI RAGIC> 32 SR A i L X (bleeding in-
dex, BI). FJ#KZIKEE (probing depth, PD) .
FRHSSE (tooth mobility, TM)., BI: 0k 7 i
fat FE TC AT St s 1 Ry SF BRI (0 A RAE PR
Wiz AN 2 W2 fa AUk s 3 82 )E
MV ARG 4 RS E Wi B e 58
Az, T™M: 0MARERIRE; 1 MBS s sl
2 R M m AA gl s 3 o T b M

HmEh . PLESAHE— Al IFER 31K
1.3.2 Micro CT43#7

B [ 22 ) R AR BRER K e g, I
BTHMARN . FHRSEOEN 0KV, 200mA,
283 300 ms 5 HEAT = 4EE A SR IF ST
Yy % (tissue mineral density, TMD) . ‘F# %)
Jii % % (bone mineral density, BMD) . ‘& &4
% (bone volume fraction, BV/TV) . ‘B /NG
(trabecular thickness, Tb.Th) . ‘& /328 4 &
(trabecular bone separating degree, Tb.Sp) 4Z%{.
fifi F Tmage K 14 23 B b 800 565 — B5 28 b oF B Jo Bt
(cement-enamel junction, CEJ) Z| 7 I T (alve-
olar bone crest, ABC) i (CEJ-ABC).
1.3.3 HAKE-J4L (hematoxylin-eosin, HE) 4iff,

J PAS YLt

W 220k 4% 22 5 WV (1 7 J 174 B JUE 2 2R e 45
Je B K B A AT R K AL B, AR JS
il 25 B 5 pm JE B H UM A A 21 7. HE 3
@ R E AL A Y) G ik W R
W OBERREKALAL RS, HEATIORR R Y, Y
A 6 min, HEHATERIR QoAb JFfEH
ZAGHATIRIEAL R, Z P43 min, PR
FROR R EE /K 5 3 40 . PAS e A ZLY)
R BB KA TS, W &N A A S min,
Schiff if 7 4 {5 10 min, 0.5% i = 0 H7 5 #4351k
IIARZ Y% 2 min, 285 ERIR L BE AL A Z KR ¥
Je, U R TR BE K I 3 S AT AR
1.3.4 B HEhReFE A

¢ B E 2 e A DR & BB AR B AT
ERAE, WO 2 K BRI VS AT ARSI, 3 S AR A
M5E BUN, Cre. Alb#gts",
1.3.5 AL bR 2 A

FREAE K ROK R B A 401 T 45 | AR R
K, PR EATIRES O S B VSV, A R A
fTMDA . GSH. SOD (il
1.3.6 MitoSOX Red #¢(7

B 2H 20 5 U0 3 B R R A K Ak, T Mito-
SOX YL iff 1 37 °CilE Y6 F 10 min, Hoechst J4 4%
5min, HJEE TIO0RME T WA,
1.3.7 JC-146a

B A Y] A M EE KAk, BT 1 mLJC-
1 TA/EW 37 °CiEYE 7 & 20 min, JC-1 Y028 il
VBV 2 K45 3 min, g JE E T 9O0 BB T W%
E{SJiES
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1.3.8 qRT-PCR il
Bk iz B 4140, REURNA, %% 5% 4 cDNA,

Pl B-actin iy N2, K UCP2, Nrf2, PGC-la [
mRNA FHEKF. FEEREGIYFIEE IR L.

&1 EESIMF7

Tab 1 Genetic sequence

He SIFE (57237 ) T2 #/bp B

UCP2 F: CAAGACCATTGCACGAGAGGA 139 NM_019354.3
R: GAGGTTGGCTTTCAGGAGAGTAT

Nrf2 F: TTGGCAGAGACATTCCCATTTGTA 116 NM_031789.3
R: GAGCTATCGAGTGACTGAGCCTG

PGC-la F: GCACTGACAGATGGAGACGTGA 149 NM_031347.1
R: TCATTGTAGCTGAGCTGAGTGTTGG

B-actin F: GGAGATTACTGCCCTGGCTCCTA 150 NM_031144.3
R: GACTCATCGTACTCCTGCTTGCTG

1.3.9 e g4 ge (o

B A RA SN K B g BRI R, /e .
WK AL S 25 L S pm R A ERA LT . K 2 &R
TS MG HEAEY) RS, &T
0.01 mol/L ¥ R AN ZZ vhi rh, S N#4 5 min i
TTPURAE &, Kl S AR B L 9 UCP2. Nrf2,
PGC-loa—¥ii, 4°CHFR K, ZIEHM_Hi,

] 2 5%

2.1 IR R R A S S AR AR
2.1.1 PRIHRWE
KETT IR UL 1, X REA] R B i o — 5 o

Ik T DAB R fh, AN ARE R At )s, it
TPRBREILK , f o AR Ao
1.4 Gt

K FH SPSS 26.0 BAFHEAT G122 b, AEAS i
n=3, DIIEbr i 22 FRIT R, (A5 ardl

Xof B4

Ml: KECESES g RO, FHHALN;

Jo] PRl ) 28 R A2 R R 2 5, IR S TR EL R I 7
SFin b, BN, EA AR R 2R R
L RBUER — B 2F ) L AR L B LT (A W i
J AN HAR 5 i

IR A

B RE PR U HE e

Fig 1 Intraoral photographs and HE staining of periodontal tissue of rats
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2.1.2 FJEIGARK A
K BRI 2 JE I R AG £ L 2, X B K RS
JAS . Bk, WEE A, ikt
W Bl R R ALK BRUA B S B 2 S 2k R F R A%
Wiz, Fi5Ash.
% 2 XRMFAGLKRSE

Tab 2 Periodontal clinical examination of rats

7 P RAG AR X IR AL FHRM
PD/mm 0.21+0.06 2.430.29%%*
BI 0.00+0.00 2.33£0.76%*
™ 0.00-+0.00 1.17+0.29%*

e 5XFRAML, **P<0.01, ***%P<0.001,

2.1.3 R
KT AL HE Yoo WL 1, 5XFIRZ g,
FJRRA WS — B o A AR, R L il
930 = e T AP

X HEZH

AN

- 1000- % 1000
£ £
a A
Z 5001 2 500
YR TFRRA
k%
0.5+ 0.25
041 0.20 |
E 03 E 0151
= 8
¥ ] & ]
5 02 2 010
0.11 0.05 |

W =

XRRZL RS

W
2.1.4 Micro CT 455

KA E Micro CT = 4 5 4 & K A M2
ZHULIE 2, Micro CT =4 E# K Bn, HXTHR4]
FHEG, 2 TR & 2H K B 57 — B 2 28 35036 JR] L 2
RIS, B AEYFSEO T B, 55X IR
o, FJE44H TMD. BMD. BV/TV. Tb.Th#5%k
MK, Tb.Sp#5%(. CEJ-ABCHIN, 2%=SBAS T
22 KEUFIRUCP2 E I FEiA

KR A B UCP2 g 2l Uk 24 Yo £ ] 26 1A 58 e
AT EE SR UL 3, UCP2 BH 1 25 3 52 B0 H b 2 6
XA, 78R4 R UCP2 & H £ ik T+
B, 241 22 R HAA iR L (P<0.05),

JMRTECTHE]

SRR

‘u \) s\ s \\ i

*
1.0 1
) ]_i
0

XHARZE RS

BV/TV

*

1.5 1

%%
1.0 1
0.5
0

CEJ-ABC/mm

XTRELL TR R YL XTREZ TR R R 4L XTREZH TR JH R4l
L: Micro CT =4 T, M1 AR LAEE B, SEMELN CE-ABC, LGN AT, T . B EY¥SESIER
[, *P<0.05, *¥P<0.01, ***P<0.001.
K2 KB A Micro CT =4E S 4] A Wy 280

Fig 2 Three-dimensional reconstruction of rat maxilla with Micro CT and bone biological parameters
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0.157
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XPHRZE CFJE SR

Ze: SPEHGURE Y G A HITTERMT, *P<0.05.
Bl 3 KRB UCP2 S fie by e (0 T 2R 11 1t 20 A

Fig 3 Immunohistochemical staining and quantitative analysis of UCP2 protein in rat gingival

2.3 KEEHA ML SR ANERBETRIBHER, AT UL /N b B A v . PAS
REEFHARFHEE S RUILE 4, HER:  Je@ETREoR, X AR B /MERPRG ST,

OER R, SXRAML, FRRARRNE  FRRAKRBE/INVERIARG BRI L BRI

Xof B2l

BOZIT: TGS DNIRERERIG R, BEFL . FARAE/ME L AEniTE; stEs
K ZF SRS NE IR S WAL B R
K 4 KREFAZUREIES ¥R
Fig 4 Pathomorphology of kidney tissue of rats
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2.4 'EEDIRER I 25 R ik, 24 mMERBAGIHEE L.
KEVE IEDREFE FRAG I 25 SR W3R 3, X R4 % 4 KREEASKEHKTE
A, R KRS IE D) RE 48 A% BUN. Cre. Tab 4 Levels of oxidative stress in Kidney tissue of rats
Al 4 Fr RS, {12 4L 1Y % 5 TR 5 3% 8 X pr p P
(P>O'05 ) © MDA/ (nmol/mgprot) 3.17+0.23 4.62+0.12%**
* 3 KR'BREINEETERR GSH/ (umol/gprot) 33.97+1.58 24.19+3.47*
Tab 3 Kidney function indices of rats SOD/ (U/mgprot) 74.00+4.79 59.84+7.03%*
5 B T B 5 A Fof HE 4 o R e HXTHAMLL, *P<0.05, **#*P<0.001,
BUN/ (mmol/L) 6.04+1.86 6.07+0.48 2.6 I%gﬁé/[:l MitoSOX redj}é J1C-1 Qéﬁ%;‘ﬁ
Cre/ (pmol/L) 25.55+7.94 26.43+3.28

KB H 4] MitoSOX red Mz JC-1 e (o 45 5 1L &
5, AR ER, SXEAML, FRRALa 50
2.5 EHBVEAN bR ED SRJE (ROS) Mo, 2Rk B FE K. Mito-

KRB HLUEAR K W 4, 5XFEAH SOX F1IC-1 V35t K i /BT SR 61, 2
b, FJEHRUAMDAKFETHE, GSH, SOD/KFFE Al F A% E X (P<0.01),

Alb/ (g/L) 19.90+1.70 20.89+2.63

MitoSOX Hoechst Merge

501

* %k

X HE 2 40

304

d

SR R %

AOD

JIC-1REY

5 e
R & 4
m
] 3
4o
B 21
S
FR9H
0_
50 pm XTHEZL FJE AR

F: MitoSOX red 44 {5, 7EMitoSOX ZOGYRHIMIEIIF, B AHL AN ROS AL A5 ; Hoechst 5L Y HbRic B AR AR, 2K
©55; Merge WFOEAIFER, WoR FANKLA ROS SN AL E MR BL. T JC-1 90, SORRNEH (4L m i, JC-1 ALK
SR, ACREY, PRI SRR A AR, JC-1 RBE RS BRIE B b, JC-1 BRSSO, IC-1 R AW/
R (L TOESRIE) W AR R LR R L (KO, ##P<0.01

5 KB ZH4 MitoSOX red Y {0 % JC-1 e (0

Fig 5 MitoSOX red and JC-1 staining of kidney tissue of rats

2.7 B qRT-PCR K il 45 2.8 'SR AUk g Sh
qRT-PCR KM 25 SR UL IE 6., SXFHRLHAHIL, F G RE AU F e o WLIE 7. PHPE 2SS 5 A

Jil 98 20 K BV A 2 UCP2 SRR SRR 1G i, Nrf2 @, FEEPEE/NE LM X xR

PGC-la L H L T, 2412 S BA %12 M, AR UCP2 E I #ATHE, Nrf2, PGC-
=Y, la A FIRFRAL, 241m2E 5 BA G4 L,



430

B SR R AR IR R A 2 7 K B SR P 5 A SR R 0 o A TR T

2.5 1.5 1.5
*k »
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e # 1.0 1.0
1.5 1 < Z
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Qo 05 4 <051
O = @]
S5 0.5 Z o
ad 0 P 0 A
XPREZE IR JH A4l XTREZH 2R R4l XTRAAL R
#P<0.05, **P<0.01.
6 qRT-PCR K l4E 5
Fig 6 qRT-PCR test results
YR FRRRH
*
0.08 1
0.061
a
uCP2 2 0.041
0.021
0_
YTRAAL FTRRAH
0.157
0.10

Nrf2
0.05+

AOD
=
: |
*
*

MR AR

0.067

0.04+

PGC-la
0.02

MR ARRA

W8

&
ity 4

Ze: AL ARG, RO IREARBHERESRRO; A EARKEEDT, *P<0.05, ***P<0.001.
7 KRB AL G H AU Y (0 KR 13R85 T

Fig 7 Immunohistochemical staining and quantitative analysis of protein expression in rat kidney
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S S AR B W i, K i A
3 itig PR 3t s 245 0697 4G in UCP2 Bk R B3 Y Rk

T e ROSFLE MG, B3R T LA E 4k
FFHC A AL Z ] -, S BRI & 2
AR E T AL, WM T 4 BRI
He RN R 55 CKD A £ 3 F R fa ik I &
ARG . BERE AR AT, BFSESRIT, R R
FICKD Z [A1 4 AR5 1 G, 28 R R 5 R i 4k
N 2R B AL AU A R R R, B AR
Heil , SRR A R AR R 5 K R 2 2 HE A el
AR WM ZUB A SUE | B R AA N O DG FE BR K
SEREINA . ARSLE IR TSI M R R 1A S
R 5 R T A R — 8k, B 4LgY
W B TR . 3 AMAR ST 2 2K R
ZH41E1T T MitoSOX Red Y (1, L) ] W 2H 41 )N 19
ROS /K-, Z5H R I Ji S L 21 A0 5 o FE HG 0
RUIEHLUN ROSHE 2[RI x 2 2H Rl 2H 21
HEAT JC-1 Yo 8 f ) Wiy 41 23 PN 2 oy 4 B el o7 155 490
5551 B R IF R R A K LGN Y TC-1 K Z LI A
W AEAEME LY R A, 3R Ji 98 4l 4ok ik
R EL A KT B AN 5 DA 56 ' S 6 & SR 2% I S 56
P27 8 A8 B I SR AL L S o . SROMTE AT B
B, BIVEESZIG M 48 SO WE A 245 #0284k
AL O, RS X IRAM L, FRERAN
KB EDREFREFRBUN | Cre. AIbfU 2 EFF#E#%,
2RI LG X o X 0] 5 A S s A] 5
WA, AT 2t — B uramLGE

UCP2 SRR IR R A AR E I — 51, 752
T2l 2 rp 244 235 . UCP2 Al #8431 B 2ok fA v
(LA B, SOl T A B o B v T A
I, REARZRLAR P2 4 ROS U BK 3 1, Wi i
ROS j= A2y /009, Nrf2 & —Fh s 1, ml i i
IAPTEAR T i I B F G, TEALRGERE IE R
(1) 8 Ak 30 I3k B v 3 U A% O R 82, PGC-Tau
ORI W R A BT T AU R T2, Yan SERIATE
FERI, FEF TR BF RN AL M1 E LEAN
M, UCP2 #ik i, ARSIt & #L UCP2
TE S5 M OF R R R BT B4 4L b e Ik 5 . B
FENOEH, REIARSIMA T /NS R AN S B
UCP2 B 1 o], ZEAAR P it i P v 5 3500 /N B
PO o Nef2 25 19635 R, [RIAT UCP2 & 13
K5 E A T R B LR . AN, FE
UCP2 Sl (3 i B /N L R A, 4805 1
LRI LG i E, UCP2 6 /I Bk i 7

LIRS RARES R A C N 3 U = Yl A Y A = N =4
PR, 2RI, KRR S S
1) 3 ) B P A R AR e ) B A 2R B T ROS T
UCP2 25 I Rk B i 1% Bl . R e UCP2 X 5 i 46
BiB A —E R E o Li S0 BiF 5%t % B
TEA JE 2753 1 K BB B 5 8 v PGC-1a 1 SR 1A
FEARB R TRBEE . AR LM, SR
AR, SEEHE I g K BV 4140 UCP2 3R K&
AT, N2 J PGC-1a 5L ) /B %
KT, XATREE R T RRSFEEMALNA
TR Ry s, T FEAR T Nrf2 & PGC-la Y £ 1k,
MUR N AL S P8k R G 2 A 0 TR plmidn, £
BR L A, B EATAHLIN ROSE £, HE—
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